In Morocco, conservation agriculture, particularly no tillage systems, has become an alternative strategy to mitigate land degradation caused by conventional tillage in semiarid to arid regions. This paper is based on behaviour to tillage treatments of two Vertisols in Morocco. After 11 years of testing, soil organic matter content results showed a significant difference ( < 0.05) only at soil surface (0-10 cm) in favour of no tillage and a variation of 30% at this depth. The results obtained after 32 years of testing showed a significant soil profile difference ( < 0.05), up to 40 cm under no tillage compared to conventional tillage, and a variation of 54% at 5-10 cm. For total nitrogen, there was no significant effect between no tillage and conventional tillage at the soil surface after 11 years unlike the result obtained after 32 years. There are no significant differences in bulk density between tillage treatments at soil surface for both sites. The measurement of soil structural stability showed a significant effect ( < 0.05) for all three tests and for both sites. This means that no tillage helped Vertisols to resist different climatic constraints, preserving environmental soil quality.
Introduction
Soil organic matter (SOM) is a fundamental attribute of soil quality [1] [2] [3] [4] . The presence of sufficient quantities of SOM in the soil changes the nutrients and physical properties of soil considerably [5] [6] [7] [8] [9] [10] . It improves soil fertility [11] , reinforces the cohesion between mineral particles, and contributes to improved water infiltration and good structure. SOM plays an important role in soil protection against drought, erosion, and runoff and ensures sustainable food production [12] . However, a fear of a excessive loss of SOM has been expressed in recent decades in the world [13] . This loss of SOM is of natural and particularly anthropogenic origin, due to the use of inappropriate soil management techniques. Regretfully, the farmers believe in these inappropriate techniques, such as deep tillage, and are unaware of the fact that, in the long term, these agricultural practices are contrary to sustainable agriculture. Some recent studies have shown that intensive plowing of the soil exposes SOM to rapid mineralisation, reduces soil fertility, destroys the aggregates, and deteriorates aeration and moisture conditions. Additionally, this plowing leads to increased soil erosion and crop residues can reduce soil loss [14] [15] [16] [17] [18] [19] .
For this purpose, the adoption of a strategy to protect natural resources should be an internationally strong preoccupation. Bessam and Mrabet [20] , Mrabet [21] , Moussadek et al. [22] , and Sheehy et al. [23] have revealed, in several studies, the importance of adopting conservation agriculture, including no tillage (NT) as an alternative remedy for addressing this alarming situation. In terms of agricultural technology, NT is considered one of the greatest revolutions of this century. This practice is based on direct seeding, where the residues from antecedent cultures are left on the soil surface to ensure the accumulation of carbon and its sequestration in different types of climate in the world [24] [25] [26] .
In Morocco, as in many parts of the world, adaptation to the NT system has become an alternative strategy, to mitigate land degradation in semiarid to arid regions through carbon accumulation on the soil surface. The organic matter under most Moroccan regions is less than 2%, and after ten years, the average loss of soil organic matter due to tillage was estimated to be 30% [25] . Generally, there are many benefits of the NT vis-a-vis climate hazards in semiarid and arid regions (drought, erosion, etc.). NT's usefulness and its importance as a conservative technique for soil quality have prompted Moroccan researchers at the National Institute for Agricultural Research (INRA) to adopt NT immediately. This began in the Jemaat Shaim region of Morocco in 1983 and then at the experimental station of Sidi El Aidi Chaouia, and finally NT was implemented in the experimental station of Merchouch in Zaer-Rabat at 2004 [27] . The objective of this work is to study the long-and medium-term effects of tillage modes, that is, NT and conventional tillage (CT), on pertinent soil quality:
(i) Soil organic matter content profile.
(ii) Structural stability and bulk density of the soil.
(iii) Total nitrogen and carbon/nitrogen ratio (C/N).
Materials and Methods

Study Areas.
Two experimental sites of Vertisol were chosen for this study (Figure 1 The second experimental site (site II) is located at 12 km North-East of the village of Jemaat Shaim (in Safi region) and 40 km from the coast of the Atlantic ocean (N 32 ∘ 40 × 10 ∘ 0 , 170 m). This site is characterized by an annual precipitation ranging from 147.2 to 527.8 mm with a mean of 30 years estimated at 300 mm. The temperature reaches −4 ∘ C in December and January and 47 ∘ C in July and August. The annual averages of rainfall and temperature in 2014-2015 for two sites are shown, respectively, in Figure 2 .
This figure shows that the Jemaat Shaim site is characterized by a higher annual temperature and less rainfall than those recorded in the Merchouch site. The climate in the first site is semiarid, while the climate in the second site is classified as semiarid to arid. According to the particle size results shown in Table 1 , in the first site, soil has more than 50% of clay in 0-80 cm depth, and in the second site, soil clay quantity decreased less than 50% in depth horizon.
Methodology.
The plots of the two experimental sites were differentiated with two tillage treatments: CT and NT. The first treatment consists in a conventional tillage (plowing up to 30 cm deep) followed by shallow tillage (10-15 cm). The objective was to prepare a fine seedbed and to bury plant residues. In contrast to the second treatment, this one comprises a single operation. It was realised with a special NT drill that consists of an opening of 2-3 cm from the ground to put the seeds at 5 cm depth. Both sites are based on the agricultural rotation cereals/legumes. This rotation was started in the second site since 2009.
Soil Measurements.
In order to study the impact of NT and CT on the main components of soil quality, different methods of soil sampling were followed according to our objectives and parameters that used in study measurement.
For the first experiment, thirty-six samples have been collected from the soil surface, including the following Table 2 .
Analytical Methods
Organic Matter.
The collected samples were dried aerobically and sieved through 0.2 mm in order to determinate soil organic carbon content. These contents were estimated using the modified method of Walkley and Black [28] which is based on the principle that the potassium dichromate oxidizes the contained carbon in the soil. Potassium dichromate changes its colour depending on the amount of reduced products; this change in colour can be compared to the amount of organic carbon in the soil. We deduce the organic matter content by multiplying the carbon content by 1.724.
Total Nitrogen. TN was determined by the modified
Kjeldahl method [29] . The mineralisation of soil organic nitrogen as ammonium sulfate was performed in the presence of concentrated sulfuric acid. By stripping to water vapor, there is liberation of ammonia in an alkaline medium and its dosage is performed by acidimetry.
Dry Bulk Density (BD).
The measure of BD was performed only at the soil surface (0-10 cm), using a cylinder (core sample). The samples were weighed before and after passing through the oven at 105 ∘ C for 48 hours. This measure is in g⋅cm −3 and is evaluated according to the method of Grossman and Reinsch [30] .
Aggregate Stability.
The soil aggregate stability estimates the capacity of a soil to retain its structure when it is subjected to different constraints. It is determined by the method proposed by Le Bissonnais [31] , which combines three tests describing the behaviour of the soil under different climatic and water conditions. Le Bissonnais methods consist in subjecting soil sampling to 3 treatments: (i) Fast wetting by immersion.
(ii) Wetting slow capillary.
(iii) Mechanical disaggregation agitation after rewetting.
Moreover, the soil organic matter is the main factor of cohesion between soil aggregates of these three tests.
Statistical Analysis.
Statistical analysis of the data have been realised for the purpose to study the effect of tillage treatments (NT and CT) on soil physical and chemical properties. For this, our results measurements were performed by comparing their means according to the -test (Student'stest). The software used for statistical processing is the SPSS STATISTICS 21. 
Results and Discussion
Impact of Tillage Systems on Soil Organic Matter Content.
The importance of SOM is its positive influence on many physical and chemical properties of soil. This is why the impact of NT, in which residues of the antecedent culture are not removed and decomposed at soil surface, on SOM content has been studied by different authors for different climatic conditions and different types of soils. But no studies have been made on SOM of Vertisols after 11 and 32 years under NT. For the first site (Table 3) , it was found that the SOM content is higher under NT than CT with a variation of 30%. The statistical analysis shows a significant difference only in 0-10 cm between tillage systems ( value = 0.01 < 0.05) and no significant effect in the soil profile (from 10 to 60 cm of depth) under NT. This result is similar to that obtained by Moussadek et al. [22] , and Laghrour et al. [32] , for the same study field after seven and ten years of trial, respectively. This is also confirmed by Angers et al. [33] and Blanco-Canqui and Lal [34] , who have also shown a high SOM content at 0-10 cm layer under NT compared to CT. Moreover, Hassink [35] and Shi et al. [36] found that, with the depth, the values were similar between the two tillage treatments. Wander et al. [37] , Guzmane et al. [38] , and Sparrow et al. [39] reported that, under NT, soil organic carbon contents are strongly stratified at soil surface and decrease rapidly with depth.
Based on student test, our results for the second site (Table 3 ) show significant differences in the soil profile, at depths up to 40 cm (from soil surface to 40 cm of depth) between the two tillage treatments. This result is contrary to Angers and Eriksen-Hamel [40] and Syswerda and coll. [41] who showed that the difference between NT and CT is not observed over 30 cm in depth. However, an important accumulation was recorded under NT for the 5-10 cm layer compared to those recorded for the other two layers of the soil surface (0-2.5 cm and 2.5-5 cm), where the variation of SOM between tillage treatments was 54%, 47%, and 44%, respectively. However, Liu et al. [42] observed after 17 years under NT a greater content of organic carbon in 0-5 cm layer than 5-10 cm layer. The results of these authors were statistically significant only for 0-10 cm of depth and there was no significant difference for the other layers of depth from 10 to 60 cm. They added that, in deep layers, the organic carbon content was higher in CT versus NT contrary to our results obtained after 11 years of trial. The different variation of SOM obtained in the profile can be explained by the type of soil and this is confirmed by Paton [43] and Kovda et al. [44] , who showed that the Vertisols are characterized by the presence of slickensides and deep cracks. In another study, the significant effect of these results up to 40 cm deep under NT is due to the accumulation of organic carbon at soil surface [45, 46] and its long-term distribution in the deeper layers. These results are similar to those obtained by Dimassi et al. [47] .
Impact of Tillage Systems on Total Nitrogen and C/N Ratio.
Eighty-five to 95 percent of TN consists of organic nitrogen. This latter becomes available for plants by mineralisation related to the activity of microorganisms. The SOM is the main soil nitrogen reserves.
For the first site, the TN is higher at soil surface under NT compared to CT (Table 4 ). But this result shows no significant difference between tillage treatments. Similar results were found by Angers et al. [33] and Blanco-Canqui and Lal [34] . This is probably explained by the lack of SOM accumulated on the soil surface after 11 years of experiment.
After 32 years, the great values of the TN are measured under NT with significant differences between the two tillage treatments from the surface (0-2.5, 2.5-5, and 5-10 cm) up to 10-20 cm deep layer ( Table 4) . The values obtained for the rest of profile have no significant effect. This significant NT effect seems influenced by the accumulation of organic matter content and adoption period of NT system under different conditions. This is clearly visible and understood in several research works. After 5 years under NT tests, Testa et al. [48] indicated a significant difference at soil surface (0-7.5 cm). Significant differences were also found after 9 years of trial at 0-12.5 cm [49] and after 11 years at 0-17.5 cm and 20 cm by Burle et al. [50] and Mrabet et al. [51] , respectively. From these results obtained by several authors, it appears that the TN content is becoming increasingly important with soil depth and depends mainly on the adoption of the NT duration.
The C/N ratio is considered as an important soil fertility indicator which can be used to reflect the interaction between SOM and soil TN [52] . The results for the first site (Table 4) showed that soil C/N ratio in 0-10 cm layer was higher under NT than CT. For the second site (Table 4) , there is a greater increase in this ratio under NT than CT at the soil profile up to 60 cm in depth. This result of C/N ratio at soil surface in favour of NT can be explained by the residues remaining from the prior crop. In addition, the soil C/N ratio declined with depth profile under both tillage treatments. This may be probably due to the clay content, which varies with depth. Some authors reported that high clay content is often associated with organic matter decomposition increases when the C/N ratio decreases [53] [54] [55] [56] .
Similar results were found in favour of NT after 22 years [52] , while Mazzoncini et al. [57] did not find a difference of C/N ratio between the two tillage systems despite the variations in soil organic carbon and soil total nitrogen.
Impact of Tillage Systems on Structural Stability. Le
Bissonnais [31] defined the structural stability or the stability of the aggregates by the capacity of a soil to maintain its arrangement between the solid and empty particles when exposed to various stresses as they may be of different types and of different intensities. The impacts of soil tillage tools, rain or wetting, are examples of these constraints. Good structural stability reduces crusting and consequently soil losses by runoff and erosion. The effects of tillage treatments on the aggregate stability measured by mean weight diameter are shown in Figure 3 .
For the first site, the measurement of the structural stability of soil shows significant effect tillage for all three tests. This means that, after 11 years of testing, Vertisol can resist different climatic constraints, specifically fast wetting. The significance of this test means that the soil can resist brutal rain while the slow-wetting test means that the Vertisol can resist moderate rainfall [22, 58] . These results are consistent with those obtained by Laghrour et al. [32] , for the same experiment study after 10 years. These authors did not find a meaningful result for the mechanical disaggregation test, contrary to our results that showed, after 11 years of experiment, a significant difference between tillage treatments. This means that, after 11 years, the Vertisol of Merchouch can withstand this test, the purpose of which is to test the soil cohesion wet regardless of bursting. Sheehy et al. [23] showed that aggregate stability results for Vertic Cambisol (10 years of experiment) and Eutric Regosol (11 years of experiment) were significantly different between NT and CT at soil surface.
However, for the second site, NT results increased aggregate stability, compared to CT, of between 89 and 30 percent for the depths 0-10 cm and 10-20 cm, respectively. This great stability recorded at the soil surface shows that, after 32 years under NT, Vertisols are more stable in NT than in CT against the erosion and runoff. In addition, statistical analysis clearly indicates that all tests for 0-10 and 10-20 cm of depth are significantly different ( < 0.05) between the treatments in favour of NT. These results are contrary to those obtained by Kibet et al. [59] , who showed that, after long-term experiment (established in 1981), they found a significant effect for a Sharpsburg silty clay loam soil only at 0-10 cm under NT compared to other tillage treatments and any significant effect was found at 10-20 cm of depth between tillage treatments.
Moreover, the significant effect observed for the fastwetting test, which is a destructive test, shows that soil can resist breakdown aggregates [22, 58] and sudden rainfall. However, the results obtained for the slow-wetting test, characterized by a low water gradient and larger air exhaust possibilities, indicate that the NT was able to limit the speed of this wetting. This means that the Vertisol can better withstand moderate rain. A significant effect was also observed for the mechanical disaggregation test after 32 years.
Amézketa [60] showed that the aggregate stability was affected by several factors, with SOM being the most important. Indeed, SOM acts as a binder between the particles and alters the hydrophobicity of the aggregates. Still, numerous studies have related increased structural stability to the accumulation of SOM [61] [62] [63] [64] [65] [66] . It is to be noted that, despite the significant effects of the structural stability recorded under NT versus CT, the results indicate low values of MWD (0.3 to 0.81 for NT and 0.19 to 0.48 for CT). This finding is likely due to the Vertisol. After these results, we can say that NT helped to construct a good structure with time, which is highly desirable for sustaining agricultural productivity (it can be beneficial to plant growth) and for preserving environmental quality (it can reduce soil erosion and nutrient losses in runoff) [67] .
Impact of Tillage Systems on Bulk Density.
The BD is one of the most important parameters in studies of soil structure. It allows for the diagnosis of the soil compaction as this density is related to the porosity of the soil. The result (Table 5) indicates no significant effect after 11 years of NT. The same result was found after 10 years of trial [32] , contrary to Moussadek et al. [22] showing a significant effect of this measure BD (CT) < BD (NT) under NT in 2011. This explains that the soil under NT usually becomes more porous and less compacted and thus more water permeable. The results of the BD for the second site are presented also in Table 5 . The result of this analysis indicates that there Applied and Environmental Soil Science 7 are no significant differences between the two tillage systems at soil surface 0-10 cm ( = 0.78 ≫ 0.05) and 10-20 cm ( = 0.311 > 0.05). At 0-10 cm, there is a value of BD under NT (1.41) almost equal to that seen in CT (1.37). For the 10-20 cm layer, the difference remains. In addition, in comparison with CT, the BD is higher under NT at three percent in the 0-10 cm depth and seven percent at 10-20 cm. This probably means that the compaction of Vertisol soil types may decline with a long-term adoption of NT. Similar results were observed under NT in the medium term of a Vertisol [32] . We can also compare our results with those obtained by Liu et al. [42] , which indicate that, after 17 years of testing, the BD was higher under NT at soil surface and at 0-30 cm in depth. The BD of a Cambisol is higher under NT versus CT by 5, 3.5, and 13.9 percent at depths of 0-5, 5-10, and 10-20, respectively. The authors found a significant difference ( < 0.05) between treatments for 0-10 cm and 10-20 cm. de Moraes et al. [68] compared the BD of Oxisols under NT to that obtained under CT after 11 (NT11) and 24 years (NT24). These authors found a significant difference in comparing the NT system to that of CT and did not find a significant effect between NT11 and NT24, but the BD was low compared with the NT24 and NT11 (BD NT11 > BD NT24 > BD CT), while low BD in NT24 was recorded by the CT contributed with a significant difference in the depth 10-20. At this depth, the results obtained can be summarized as follows: BDNT11 > BDCT > BDNT24.
Conclusion
Among the cultural practices, NT is the subject of sustained attention in recent years. This practice of NT is recently evolved and many observations showed that it has a strong impact on the nature and evolution of SOM that influences a set of chemical properties (TN and C/N) and physical soil (BD and structural stability). This paper has allowed for studying the effect of NT and CT on the physical and chemical properties of the semiarid to arid regions. The results for the second site of Jemaat Shaim show that, after 32 years of testing, the NT promotes the accumulation of the SOM in the soil surface and in depth up to 40 cm, in contrast to CT. The accumulation at soil surface is confirmed after 11 years of testing in the first site that records significant levels of the SOM at the soil surface. On the one hand, the high content of SOM clearly explains the availability of nutrients as total nitrogen and the stability of the aggregates under NT compared with those who have been intensively tilled. On the other hand, the results obtained under the two tillage treatments can be explained by the duration of this new agricultural practice. This allowed for saying that CT is more susceptible to degradation by erosion and runoff, but under NT soil it has stable aggregates as shown in the test of structural stability.
